Pueraria candollei Wall. ex Benth. var. mirifi ca (Airy Shaw & Suvat.) Niyomdham was investigated for callus induction using Murashige and Skoog (MS) medium containing different plant growth regulators. After 8 weeks of culture, 66 -100% of leaf or stem explants formed calli. Calli from stem explants cultured on MS medium supplemented with 0.5 mg/l thidiazuron (TDZ) gave the maximum of shoot induction (16%) and the highest level of total isofl avonoids [(50.39 ± 7.06) mg/g dry wt], which was 7-fold higher than that of the native tuber [(7.04 ± 0.29) mg/g dry wt]. These results suggest that addition of TDZ to the culture medium markedly enhances the production of isofl avonoids in calli induced from stem explants of P. candollei var. mirifi ca.
Introduction
Pueraria candollei Wall. ex Benth. var. mirifica (Airy Shaw & Suvat.) Niyomdham (Leguminosae) has been used in Thai traditional medicine for rejuvenation. The tuberous root of this plant shows estrogenic activity (Chansakaow et al., 2000a, b; Trisomboon et al., 2006; Cherdshewasart et al., 2007a; , preventive action of bone loss (Urasopan et al., 2008) , and antioxidant activity (Cherdshewasart and Sutjit, 2008) . The major chemical constituents isolated from the plant tuber are isofl avonoids, phytoestrogen compounds including puerarin, daidzin, genistin, daidzein and genistein (Chansakaow et al., 2000a; Cherdshewasart et al., 2007b) . The concentration of isofl avonoids in the tuber of P. candollei var. mirifi ca is variable due to cultivation and harvest season (Cherdshewasart et al., 2007b) . Therefore, in vitro cultures are necessary for the selection of cell lines with high yield of bioactive phytoestrogen compounds. The establishment of callus cultures of P. candollei var. mirifi ca and the production of isofl avones like daidzein and genistein using 2,4-dichlorophenoxyacetic acid (2,4-D) and kinetin as plant growth regulators has been reported previously (Thanonkeo and Panichajakul, 2006) . However, the production of the major isofl avone glycosides, puerarin, daidzin and genistin, from P. candollei var. mirifi ca by means of a tissue culture has not yet been reported. Thidiazuron (TDZ) has been shown to be an effi cient plant growth regulator enhancing the production of secondary metabolites in various plants such as asiaticoside in whole plant cultures of Centella asiatica (Kim et al., 2005) , artemisinin in regenerated shoots of Artemisia annua (Lualon et al., 2008) , glycyrrhizin in callus cultures of licorice (Wongwicha et al., 2008) , and pseudojujubogenin glycosides in plantlets of Bacopa monnieri (Kamonwannasit et al., 2008) . It would, therefore, be interesting to select calli yielding a high active compound through in vitro cultures using TDZ, compared with α-naphthaleneacetic acid (NAA) and 6-benzyladenine (BA), as plant growth regulator. In the present study, we investigated the effi cacy of different plant growth regulators for optimizing the callus induction, a regeneration system, and isofl avonoids production in P. candollei var. mirifi ca. 
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Material and Methods
Chemicals
α-Naphthaleneacetic acid (NAA) and 6-benzyladenine (BA) were purchased from Fluka Chemical (Buchs, Switzerland) . 2, TDZ) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Daidzin, genistin, daidzein and genistein were purchased from Nacalai Tesque, Inc. (Tokyo, Japan). Puerarin was obtained from Chromadex Inc. (Irvine, CA, USA). All other chemicals were standard commercial products of analytical grade.
Plant materials
P. candollei var. mirifi ca seeds were obtained from Botanical Garden, Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen, Thailand. The seeds were washed with sterile distilled water and surface-sterilized in 10% sodium hypochlorite for 15 -20 min. After being washed three times with sterilized water, the seeds were immersed in 70% ethanol for 1 min and then germinated on hormone-free Murashige and Skoog (MS) medium containing 3% sucrose (w/v), pH 5.5. Germination started within 7 d and was carried out at (25 ± 1) °C under 16 h light/ day.
Callus induction
Leaf and stem segments (0.5 cm) from in vitro plantlets fully grown within 4 weeks were cultured on MS medium with growth regulators, i.e., TDZ alone (0.1 -1.5 mg/l) and combinations of NAA (0.5 -1 mg/l) and BA (0.5 -1 mg/l). After 8 weeks, the calli were subcultured on the same medium. 8-Week-old calli were harvested for isofl avonoids analysis. The regenerated shoots were subcultured on MS medium without hormones for elongation and rooting. Shoot regeneration was observed for rooting at the end of the fourth week. The regenerated shoots were maintained on MS medium without hormones at (25 ± 1) °C under 16 h light/ day and subcultured every 6 weeks.
Extraction of callus samples and isofl avonoids analysis
Dried samples (30 mg) of 8-week-old calli were powdered and extracted fi ve times with 0.5 ml methanol with sonication. The extracts were combined, evaporated and then redissolved with 1 ml methanol. Puerarin, daidzin, genistin, daidzein and genistein contents in the extracted solutions were determined by HPLC. The HPLC analysis was performed using a PerkinElmer Series 200 LC pump connected with a PerkinElmer 785A UV/VIS detector (254 nm) and a PE Nelson computer. An RP-18 column (LiChroCART ® , 125 mm × 4 mm, 5 μm particle size, Merck, Germany) was used. The mobile phase consisted of 25% acetonitrile containing 1.5% acetic acid. The fl ow rate was 1.0 ml/min. Each determination was done in triplicate.
Results and Discussion
Callus induction from P. candollei var. mirifi ca was evaluated on MS medium with TDZ or a combination of NAA and BA. After 8 weeks of culture, we succeeded in inducing callus formation. The initial calli were subcultured for further studies after an 8-week induction. The percentages of callus and shoot induction are shown in Table I . 66 -100% of leaf or stem explants had formed calli. In the case of the stem explants, the percentage of callus induction was ranging from 88 -100%. This result indicated that stem explants are suitable for callus induction. Among these results, the percentage of callus induction from stem explants was 100% independent of the concentration of TDZ in the culture medium (Table I ). This result suggested that TDZ was effective for callus induction from stem explants of P. candollei var. mirifi ca.
The maximum of shoot induction was achieved from the stem explant cultured on MS medium supplemented with 0.5 mg/l TDZ (16%) while medium with 1 mg/l NAA and 0.5 mg/l BA gave maximum shoots per explant (3 shoots per explant) ( Table I ). The initial regenerated shoots were subcultured on MS medium without hormones after 8 weeks of callus induction. After subcultured for 4 weeks, rooting of the regenerated shoots was observed. The regenerated plants were not different in appearance from the normally grown P. candollei var. mirifi ca plants. We investigated also total isofl avonoids content in leaves of regenerated plants compared with that in the native plant. We found that leaves of plants regenerated from 0.5 mg/l TDZ [(7.51 ± 0.22) mg/g dry wt] contain a slightly higher level of total isofl avonoids than those of the native plant [(5.72 ± 0.46) mg/g dry wt].
We determined the isofl avonoids contents of 8-week-old calli by HPLC as shown in Table II . The total isofl avonoids content in induced calli from stem explants cultured with TDZ was high (31.79 -50.39 mg/g dry wt) while that with NAA and BA was lower (11.21 -20 .07 mg/g dry wt) ( Table II) . The highest level of total isofl avo- Table II noids was achieved in calli from stem explants cultured on medium with 0.5 mg/l TDZ [(50.39 ± 7.06) mg/g dry wt]. HPLC analysis revealed that daidzin displayed the highest concentration of the isofl avonoids in callus cultures, followed by genistin, puerarin, daidzein and genistein, respectively. These results suggest that 0.5 mg/l TDZ showed high effi ciency for callus induction, shoot regeneration, and enhanced production of isofl avonoids in P. candollei var. mirifi ca. According to previous reports, in vitro cultures of various plants on medium with TDZ gave also high levels of secondary metabolites (Kim et al., 2005; Lualon et al., 2008; Wongwicha et al., 2008; Kamonwannasit et al., 2008) . Therefore, TDZ may hold a potential to enhance the yield of isofl avonoids in callus cultures of P. candollei var. mirifi ca.
We also studied the total isofl avonoids content in the native tuber (2-year-old), which was found to (7.04 ± 0.29) mg/g dry wt [puerarin, (1.47 ± 0.09) mg/g; daidzin, (3.66 ± 0.15) mg/g; genistin, (1.10 ± 0.03) mg/g; daidzein, (0.48 ± 0.01) mg/g; and genistein, (0.32 ± 0.01) mg/g dry wt, respectively]. Daidzin was the isofl avonoid with the highest concentration in the native tuber, i.e. the isofl avonoids profi le in calli from in vitro cultures was the same as that from the native tuber. The total isofl avonoids content in callus cultures was 7-fold higher than that of the native tuber. In addition, the total isofl avonoids content in callus cultures from our study showed a higher level than that found in in vitro cultures of P. tuberosa (Goyal and Ramawat, 2008) , P. lobata (Matkowsk, 2004; Li and Zhang, 2006) , and P. candollei var. mirifi ca (Thanonkeo and Panichajakul, 2006) . Therefore, calli of P. candollei var. mirifi ca from the present study are suitable source for studying the biosynthesis pathway of isofl avonoids in cell suspension culture.
In conclusion, stem explants of P. candollei var. mirifi ca cultured on MS medium supplemented with 0.5 mg/l TDZ are optimum for induction of callus, shoot regeneration and increased yield of total isofl avonoids. The present study reports a high production of bioactive phytoestrogens in P. candollei var. mirifi ca calli cultures. The callus developed here will be useful for cell suspension cultures to select the cell line with a high yield of isofl avonoids and large scale cultures.
